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(57) Abstract: Use of an agent capable of inhibiting serum amyloid P component (SAP) ligand binding activity or depleting SAP 
£rom the plasma of a subject for the production of a medicament for treatment or prevention of osteoarthritis in the subject. 
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COMPOUNDS INHIBITING THE BINDING OF SAP 
FOR TREATING OSTEOARTHRITIS 

Meld of the Invention. 

The present invention relates to the treatment or prevention of osteoarthritis. 
Background to the Invention 

Osteoarthritis is the commonest form of arthritis and is detectable radiologically in 80% 
of individuals over the age of 55 in Western populations. Symptomatic osteoarthritis of 
the knee, that is pain mth radiographic abnormalities, is present in about 6% of 
individuals over the age of 30 in both the USA and the UK. In the USA approximately 
21 million people have physician diagnosed osteoarthritis, most of whom have significant 
pain and disability. Indeed, in some 12% of aU subjects with limitation of activity, the 
cause is osteoarthritis, and it accounts for more dependency in walking and stair climbing 
than any other disease. The estimated annual cost of osteoarthritis in the USA is $15.5 
billion in 1994 dollars, which approaches 1% of the GNP, with more than 50% of the 
costs due to work loss. The problem is inevitably becomiag more severe with an ageing 
population and the clear age related incidence of osteoarthritis (1). 

The pathology of osteoarthritis comprises loss of articular cartilage and complex 
processes of repair with jSbrocartilage and reactive bone formation, leading to disruption 
of normal joint and peri-articular architecture. This is associated with pain, synovial 
effiisions and loss of function. 

Traditional treatments are: weight loss, exercise and psychosocial support; sinrple 
analgesics; non-steroidal anti- inflamm atory drugs; intra-articular corticosteroids; 
hyaluronic acid; joiat lavage; physical aids and appliances. However these conservative 
approaches are inadequate in a significant proportion of patients for whom surgery then 
becomes appropriate, including synovectomy, repair of memscal tears, realignment 
osteotomy, and eventually total joint replacement Only the latter is a cure for 
osteoarthritis, and obviously it is oiily apphcable to some joints and some individuals. 
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Other experimental and less well validated therapeutic approaches include administration 
of glucosamine and chrondroitin sulphate, ostensibly to promote survival or even repair 
of damaged cartilage, and tetracycline, interleukin-1 antagonists and inhibitors of 
coUagenase and other matrix proteinases. 

There is thus clearly aa enonnous need for new medications that can modify progression 
of osteoarthritis, and, importantly, aHeviate its distressing and incapacitating symptoms 
of pain, joint deformity and effusions, hmitation of activity and disabihty. 

Serum amyloid P component (SAP) is a member of the conserved and evolutionarily 
ancient pentraxin family (2) of plasma proteins, the other member of which is C-reactive 
protein (CRP) the classical acute phase protein (3). Homologous proteins that share the 
same 3D fold (4,5), oHgomeric assembly and capacity for calcium-dependent hgand 
binding, are present in all vertebrates (6) and even in the horseshoe crab, Limulus 
polyphemus (7), that is separated in evolution from primates by about 600 million yeais. 
No deficiency or protein polymorphism of SAP have been described yet in hiunans, and 
its carbohydrate component is the most invariant of any known glycoprotein (8). This is 
all compelling evidence that SAP has beneficial fimctions that contribute to smvival. 

However, SAP derives its name firom the fact that it is imiversally present in the 
pathological tissue deposits of amyloid in the disease state of amyloidosis (9). The bulk 
of these deposits consists of amyloid fibrils composed of autologous protein misfolded 
and aggi-egated with a pathognomonic cross-P fold (10), together with tightly bound 
glycosaminoglycans of heparan sulphate and dermatan sulphate types (11). SAP 
undergoes specific calcium-dependent binding to these fibrils, both in vitro (12) and 
in vivo (13,14), and this property has been e3q)loited to develop radiolabelled SAP as a 
liighly specific, sensitive and quantitative inyivo scintigraphic traxjer for diagnosis and 
monitoring of the deposits in systemic and local extra-cerebral amyloidosis (15). 

One of the forms of local extra-cerebral amyloidosis that is of the greatest chnical 
importance is dialysis associated amyloidosis, a very serious, pain&l and cripphng 
comphcation of long term dialysis for end stage renal failure. This type of amyloid is 
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largely confined to joints and peri-articular stractures^ producing nerve compression, and 
bone cysts leading to disruption of joints and pathological firactures. Dialysis 
amyloidosis has been studied extensively using radiolabelled SAP, showing that uptake 
in and around joints is specific for histologically proven amyloid deposits in these 
locations (16,17). 

Drugs which are bound by SAP have been developed for the purpose of treating 
amyloidosis, including Alzheimer's disease. WO95/05394 describes therapeutic and 
diagnostic agents for amyloidosis which comprise molecules that inhibit the binding of 
SAP to amyloid fibrils. EP-A-0915088 describes D-prolines and derivatives thereof for 
use in the treatment or prevention of central and sj'stemic amyloidosis including 
Alzheimer's disease, and maturity onset diabetes mellitus. WO03/013508 describes 
therapeutic agents for depletion of unwanted protein populations firom plasma in which 
bi&nctional agents form a complex with a ptaality of proteins to deplete them fi-om the 
plasma of a subject. It is disclosed that R-l-[6-R-2-carboxy-pyrrohdin-l-yl]-6-oxo- 
hexanoyl]pyrrohdiDe-2-carboxylic acid specifically targets SAP in vivo to cause 
aggregation of native pentameric SAP molecules into decameric SAP-drug complexes 
that are then swiftly cleared by the Uver. 

Summary of the Invention 

The present invention relates to the use of an agent for the production of a medicament 
for treatment or prevention of osteoarthritis in a subject. The agent is capable of 
inhibiting SAP ligand binding activity or capable of depleting SAP firom the plasma of 
the subject. 

It has surprisingly been found that the use of such agents to treat patients with 
osteoarthritis has a dramatic efiect in relieving symptoms of the disease inpatients. 

In a first aspect, the agent is capable of inhibitiag SAP ligand binding activity. Agents 
capable of iohibiting SAP ligand binding activity include those which are capable of 
being bound by a ligand binding site present on SAP and those which may be bound 
elsewhere and yet block or inhibit SAP ligand bindng activity. Accordingly, ioMbition 
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of SAP ligaad binding activity may arise by direct inhibition or by allosteric inhibition. 
The inhibition may be competitive or non-competitive and may be reversible or 
irreversible. 

A general method for selecting an agent capable of inhibiting SAP Kgand binding activity 
for use in the treatinent or prevention of osteoarthritis comprises contacting serum 
amyloid P component (SAP) with a target ligand thereof under conditions to permit SAP 
ligaad binding, in the presence of a test compoimd; testiag for SAP ligand binding; and 
selecting the test compound as an SAP inhibitor if the test compound inhibits binding of 
SAP to the target ligand. 

The present invention further provides a process for the production of an anti- 
osteoarthritis agent, which process comprises (i) identifying an SAP inhibitor by selecting 
the compound according to the above method; and (ii) producing an anti-osteoarthritis 
agent by providing the SAP inhibitor or aphannaceutically-acceptable derivative thereof 

The present invention is therefore concerned in one embodiment with a method for 
selecting an SAP inhibitor which includes testing for SAP hgand binding in the presence 
of a test compound. Any test compound which inhibits biading of SAP to the ligand may 
be selected as aa inhibitor. For example, the test compound maybe selected in the sense 
that it is identified and can then be produced on a larger scale by chemical or biochemical 
synthesis or may be physically selected for direct formulation as an anti-osteoarthritis 
agent In accordance with tiie process for production of the agent, the test compound 
may be formulated for pharmaceutical use or may be derivatised or chemically modified 
to produce a pharmaceutically-acceptable derivative thereof. Such derivatisation may 
simply be required to incorporate new functional groups or alter existing fimctional 
groups to make the agent easier to formulate, for example by altering the solubility of the 
compound. Derivatisation of this nature may be used to decrease the toxicity of the 
compound, to alter the stability of the compound or even to modify the pharmacological 
activity thereof. Any such derivatised or modified compound may need to be retested 
according to tiie method of the present invention. 
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la the step of contacting SAP with the ligand, the conditions nrast be sufScient to permit 
SAP ligand binding in the absence of the test compound. la this way, where SAP ligand 
binding does not occur in the presence of the test compound, or occurs to a smaller extent 
ttian expected, this effect can be attributed to the test compound. It should be noted here 
that inhibition of binding should be broadly constcued and is not limited to any particular 
mechanism; any reduction of the extent of binding constitutes inhibition of biading 
accordiag to the present invention. Inhibition of binding is generally measured with 
reference to a control value (maximum binding in absence of test compound) and it is 
preferred that the ICso be low micromolar or less, more preferably nanomolar or less. 
Contacting takes place under conditions which include sufficient free calcium ions to 
permit the specific calcium dependent binding of SAP. In addition, it is necessary to 
ensure a sufficient amount of serum albumin to prevent the calcium-dependent 
autoaggregation that is characteristic of isolated SAP (18,19). A preferred buffer for the 
contacting is physiological buffered saline. SAP may be provided in isolated pure form 
or incorporated in whole serum. 

Suitable hgands to which SAP brads include materials of human or other mammahan 
origin, materials originating from lower animals or of microbial origin, and synthetic 
materials. Macromolecular Ugands include DNA, chromatin, amyloid -fibrils, 
glycosaminoglycans (specifically heparin, heparan and dermatan sulphates) and agarose 
and other carbohydrates bearing the carboxyethyhdene ring that is specifically recognised 
hy SAP. Synflietic ligands include phosphoethanolamine groups immobilised by 
covalent carbodiimide coupliag to carboxyl groups attached to a soUd phase. With 
appropriate soHd materials that bear Hgands, such as some micro-orgamsms, whole 
organisms such as bacteria can be used, thereby conveniently avoiding the need for 
pruification of the actual hgand molecule(s). Suitable bacteria to which SAP avidly binds 
include Streptococcus pyogenes (20) and Neisseria meningitidis (21). The most suitable 
viros bearing hgands for SAP is the human influenza vims (22). 

The order in which the SAP, target Hgand and test compound are contacted together is 
not critical. All three components can he mixed at essentially the same time or two of the 
three components can be mixed and perhaps pre-incuhated before addition of the third 
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component Contacting generany takes place under conditions in which at least one of 
the components is in the liquid phdse. It is convenient, however, for either the SAP or the 
ligand to fonn part of a solid phase so that in. the testiag procedure, phase separation can 
be used as a technique to separate bound species from unbound species to facilitate 
testing for the extent of SAP ligand binding. 

Accordingly, it is preferred that a first component comprising one of SAP or the ligand is 
present as part of a solid phase, wliich is contacted with a second component compnsmg 
the other as part of a Hquid phase. The step of testing for SAP hgand bmding may then 
comprise detecting binding of the second component to the solid phase. Detecting 
binding of the second component to the soHd phase may be effected either by detecting 
the presence of Ihe second component on the soHd phase or by determining the amount of 
second component unbound to the solid phase and deducing from the amount of second 
component originally apphed to the solid phase the amount actuaUy binding to the solid 
phase. 

According to this embodiment, the soUd phase preferably comprises the first component 
attached to a soUd support, which solid support may comprise a particulate support or a 
solid surface. In a convenient embodiment, the solid surface comprises an interior 
surface of the container such as amicrotitre plate well. 

Conveniently, the step of testing for SAP Hgand binding further comprises washing the 
soHd phase to remove unbound material. 

The second component may be labelled Avith a detectable label such as a radiolabel, a 
fluorochrome or an enzyme, as discussed herein. Alternatively, the binding of the second 
component to the soHd phase may be detected immunologically either by antibody 
binding to the second component as bound to the soHd phase or by quantitative 
immunological determination of the amount of second component not bound to the solid 
phase. 
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The present invention provides in vitro spot tests, low throughput, and high iiiroughput 
screemng procedures for detecting cQmpormds with the capacity to inhibit binding of • 
SAP, from man or other animals, to target Hgands. These methods are suitable for 
screening test compound libraries of natural compounds of organic, inorganic and 
biological oiigin, as well as chemical libraries created by conventional synthesis or any 
foim of combinatorial chemistry. They are also suitable for analysis of the mechanism of 
inhibition of SAP binding, and for evaluation of potency of inhibition during chenaical 
and medicinal chemistry development of potential or actual pharmaceutical products 
from lead compounds identified by screening or spot testing. The present invention also' 
provides in vivo metiiods for testing efiects and potency of S AP-inhibitory compounds on • 
SAP binding, plasma turnover and catabolism in man and experimental animals. 

hi a fiirther embodiment, the present invention provides a method for selecting an anti- 
osteoartbritis compound from a plurality of test compounds, which comprises providing 
an array of reaction zones and a plurahty of test compounds, contacting in each reaction 
zone SAP with a Hgand thereof under conditions to permit SAP ligand binding, in the 
presence of one of the test compounds; testing for SAP ligand binding in each reaction 
zone; and selecting as an anti-osteoarfhiitis compound any test compound which inhibits 
binding of SAP to the Ugand. 

This method is suitable for a high throughput screeaiing procedure in which the plurality 
of test compounds comprises a hbraxy of test compounds for screening. By providing an 
array of reaction zones and a plurality of test compounds, the anti-osteoarthritis 
compound may be selected by performing the method of the present invention in each 
reaction zone. This enables the method of the present invention to be scaled up for high 
throughput and can be performed by automated or semi-automated apparatus such as that 
based on an array of containers such as a microtifre plate well array. 

Suitable compounds may be bound by SAP and thereby block the site of interaction 
between SAP and the ligand, or they may bind to SAP to alter its stnictiire thereby to 
inhibit or prevent binding to the ligand. It is loiown that the SAP molecule has a specific 
calcium-dependent hgand blading site through which it bhids to ligand. A major class of 
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compoimds that caa be identified using the present invention comprises substances that 
are bound by the calcium-dependent ligand bindiag site of SAP so as to interfere with 
binding of SAP to the ligand. However the present invention also provides for detection 
and study of compounds that inhibit SAP binding by the other mechanisms listed above. 

Test compounds useful according to the present invention include those candidate 
compoimds described in WO95/05394. This PCT appHcation describes the complete 
resolution of the three-dimensional structure of SAP by X-ray crystallography. The 
bindiag of SAP in vitro to amyloid fibrils is also demonstrated, whereby proteolytic 
degradation of those fibrils in the presence of proteinases is prevented. This protection 
by SAP may be abrogated by compounds capable of inhibiting SAP ligand binding 
acti-\dty. Such compounds may therefore be detected by an assay as described m 
WO95/05394. Candidate test compomids for that assay or for the screening methods 
described herein may be provided by knowledge of the structure of tlie ligand binding site 
identified ia WO95/05394. The PCT application also provides a method for the 
production of a molecule that inhibits the binding of SAP to amyloid fibrils. The method 
comprises carrying out computer-aided molecular design using the three-dimensional 
structure of SAP, synthesising the molecules thus designed and testing the molecules for 
the ability to inhibit binding of SAP to amyloid fibrils and/or the abihty to bind to 
amyloid fibrils. Molecules according to WO95/05394 may therefore be molecules which 
interact with SAP at and/or axotmd the calcium binding site illustrated therein. Such a 
molecule may, for example, interact with one or more of the residues Asp58, Asn59, 
Glul36 Aspl38 and Gln37 of human SAP or with the equivalent residues in SAP firom 
another species and/or with one or more basic residues in the region of those residues. 
Molecules of WO95/05394 may form hydrogen bonds to the hydroxyl groups of Tyr64 
and Tyr75 of human SAP or the equivalent residues in SAP of another species. 

In a preferred aspect, the agent comprises a substitated or unsubstituted D-proline or 
stereoanalogue thereof. Such agents may or may not be capable of inhibiting SAP hgand 
bindiag activity or depleting SAP firom the plasma of a subject provided that they are 
effective for treatment or prevention of osteoarthritis in a subject. It is preferred, 
however, that such agents axe capable of inhibiting SAP ligand binding activity or 
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depleting SAP from the plasma of a subject. Such agents may therefore be obtaiaable by 
any oae of the screening metiiods described herein. 



A preferred group of D-proline compounds according to the invention has previously 
been described in EP-A-0915088. This European patent application describes a class of 
D-prolines which have the formula 



HO^O 



O^OH 



HO^ 




or 




I-A 



wherein 
R . is 



-N 



\ 




the group 
X 



I-B 



is hydrogen or halogen; 

is- (CHjk; -CHCR^XCHzV; -CHzOCCHzV; -CH2NH-; 
benzyl, -C(R2>=CH-; -CHjCHCOH)-; or tMazol-2,5-diyl; 
is -S-S-; -(CHsV; -0-; -NH-; -N(R^)-; -CH=CH-; - 
MIC(0)NH-;- 

N(R^)C(0)N(R2)-; -N[CH2C6H3(OCH3)2]s -NCCHaCeHs)-; 
-N(CH2C6H5)C(0)N(CH2C6H5)-; -N(a]koxyaIkyl)-; 

N(cycloa]]cyl-methyl)-;.,2,6-pyridyl; 2,5-ftiranyl; 2,5-thienyl; 1,2-cyclohexyl; 1,3- 
cyclohexyl; 1,4- 

cyclohexyl; 1,2-naphthyl; l,4-naphthyl;,l,5-naphthyl; 1,6-naphthyl; 

biphenylen; or l,2-phenylen,l,3-pheaylen and 1,4-phenylen, wherein the 

phenylen groups are optionally substituted by 1 - 4 substituraits, selected from 
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halogen, lower alkyl, lower alkoxy, hydroxy, carboxy, -COO-lower aUcyl, nitiilo, 
5-tetrazol, (2-carboxylLc acidpyrrolidm-l~yl)-2-oxo-ethoxy, N- 
hydroxycarbamimidoyl, 5-oxo[l,2,4]oxadiazolyl, 2-oxo- 

[l,2,3,5]oxathiadiazolyl, 5-thioxo[l,2,4]oxadiazolyl and 5-tert-butylsulfanyl- 

[l,2,4]oxadiazolyl; 
X- is-(CH2V;-(CH2)nCH(R')-;-(CH2)nOCH2-;-NHCH2-; 

benzyl -CH=C(R^)-; -CH(0H)CH2; or 1biazol-2,5-diyl; 

is lower alkyl, lower alkoxy or benzyl and 
n is 0-3, 

or a pharmaceutically acceptable salt or mono- or diester thereof 

Stereoanalogaes of the D-proliaes of this class are also included in the present invention. 

According to the above formula, the term "lower altyl" denotes straight-chain or 
branched-chain saturated hydrocarbon residues, preferably with 1 to 4 carbon atoms, such 
as methyl, ethyl, propyl, isopropyl, n-butyl, 2-butyl, isobutyl and t-butyl. - Halogen 
denotes chlorine, iodine, fluorine and bromine. Compounds of formula 1-A and 1-B can 
form salts with metals, for example alkali metal salts such as sodium or potassium salts, 
or alkaline earth metal salts such as calcium or magnesium salts, with organic bases, for 
example salts with amines, such as n-ethy]piperidine, procaine or dibeozylamine, or salts 
with basic anune acids such as salts with arginine or lysine. The compounds can also be 
used in an ester form, such esters being aliphatic or aromatic. These esters iaclude, for 
example, alkyl and phenolic esters. The most preferred esters are alkyl esters derived 
&om Ci4 alkanols, especially methyl and ethyl estesre. 

These compounds can also be used ta the form of their prodrugs at either one or both 

carbonyl functions. 

Details of examples of these compounds and their syntheses are described in EP-A- 

0915088. ■ 
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Particiilarly preferred agents according to the present invention include those which 
comprise a pltJxaHty of Ugands covalently co-linked so as to form a complex with SAP 
and a second protein, preferably SAP. At least two of the Hgands are the same or 
diflferent and one of which is capable of beiag bound by a ligaad binding site present on 
SAP and another is capable of being bound by a ligand binding site present on the second 
protein. Agents of this type may be capable of inhibiting SAP ligand binding actiyity 
and/or may be capable of depleting SAP from the plasma ni a subject. As described in 
■WO03/013508 and by Pepys et al (23), such agents were found to be dramatically potent 
in vivo at depleting the target proteia from the circulation by causing it to be rapidly 
cleared. It is thought that Avhere at least one of the ligands is capable of being bound by a 
.. hgaud site present on SAP and the other capable of being bound by a ligand site present 
on SAP or a second different protein, a complex is formed which is identified by the 
body's own physiological mechanisms as requiring prompt clearance and destruction. 
Accordingly, SAP is removed from the subject so as to effect treatment or prevention of 
osteoarthritis. In the compound (R)-l-[6-[(R)-2-Carboxy-pyirohdin-l-yl]-6-oxo- 
hexanoyl]pyrroHdine-2-carboxylic acid (WO03/013508 and reference (23)), the 
carboxylate-containiDg pyrrolidine ring at each end is bound by the calcium dependent 
hgaad binding site of SAP, resulting in the face-to-face cross-hnking of pairs of SAP 
molecules, as shown by gel filfration, and by atomic resolution X-ray crystallogr^hy of 
the complexes. This cross-linking evidently causes SAP to be cleared from the plasma in 
vivo and rapidly catabohsed, and this is the desired effect of compounds according to this 
embodiment of the present invention. 

The affinity of each individual hgand-protein binding site interaction does not need to be 
particularly high provided that the ligand is specific for each target protem. It is possible 
tiaat a dissociation constant of up to 10 millimolar would suffice. However, it is preferred 
that the dissociation constant is no more than 1 millimolar, more preferably less than 100 
micromolar, most preferably less than 10 micromolar. The afEmity is preferably about 
micromolar or higher. Micromolar affinity has been found to be sufScient in the case of 
SAP, although the highest possible affinity is clearly desirable. 
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Ba the agents of the present invention, although the Hgands may be directly linked 
together by a covalent bond, the ligands are preferably covalently co-linked by a linker. 
This enables the ligands to be sufficiently spatially separated whereby a plurality of target 
proteins may be bound to the agent without one protein hindering the binding of the other 
protein or proteins. The exact structure of the linker is not critical although it is typically 
preferred not to include reactive groups. The linker may comprise a linear or branched 
hydrocarbylene which may have one or more of its carbon atoms optionally substituted 
by a heteroatom. The linker may have a chain length in the range 2 to 20 atoms. Useful 
chain length and chemical composition maiybe determined empirically depending on the 
proteifls with which the agent is to be comi)lexed. Where the agent has two Ugands, the 
linker is typically linear; a preferred general structure is ligand-linker-ligand. This is 
conveniently denoted a "palindrome" for the purposes of the present application. 
Although other structures involving three, four or more ligands with an appropriate 
branched chain linker are also contemplated where three, four or more target proteins 
could form a complex. 

Pharmaceutical compositions may be formulated comprising an agent according to the 
present invention optionally incorporating a pharmaceutically-acceptable excipient, 
diluent or carrier. The pharmaceutical compositions may be in the form of a prodrug 
comprising the agent or a derivative thereof which becomes active only when 
metabolised by the recipient. The exact nature and quantities of the components of such 
pharmaceutical compositions may be determined empirically and will depend m part 
upon the route of administration of the composition. Routes of administration to 
recipients include oral, buccal, sublingual, by inhalation, topical (including ophthalmic), 
rectal, vagiaal, nasal and parenteral (including iatiravenous, intra-arterial, intira-muscular, 
subcutaneous and intra-articular) For convenience of use, dosages according to the 
present invention are preferably administered orally but this will depend on the actual 
drug and its bioavailability. 

According to this aspect of the mvention it is preferred that the hgand capable of being 
bound by tiie hgand biading sites on SAP comprises a substituted or unsubstituted D- 
proline or stereoanalogue thereof A particularly preferred D-prohne is (R)-l-[6-(R)-2- 
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Carboxy-pyrrolidm-l-yl]-6-oxG-hgxanoyl] pyirolidine-2-cafDoxylic acid or a 
phannaceatically acceptable salt or mono- or diester thereof. 

Another approach to the inMbition of SAP binding, and depletion of SAP that are 
desiiable according to the present invention is the use of macxomolecxiles that either are 
bound by, or bind to, SAP. Li the first category are peptides of Various sizes containing 
one, or preferably more that one, carboxy terminal D-prohne residues and preferably 
composed of D-amino acids in order to resist proteolj'tic degradation in vivo. The ligands 
-for SAP function in the same way as the low molecular weight compounds containing D- 
; proline described here, in being bound by SAP, inhibiting the binding of SAP to other 
Ugands in vivo, and promoting the accelerated clearance of SAP from the circulation with 
beneficial effects on osteoarthritis. SAP also recognises and binds other peptide motifs, 
including p-bends with aspartic acid and other residues in the apical position, and these 
types of peptide sequences are also therefore desirable. In the second category, 
macromolecules that bind to SAP and deplete it may comprise antibodies specific for 
human SAP, and for the presently desired therapeutic purpose these preferably are 
niphoclonal antibodies that are preferably either humanised or are entirely human, or are 
lower molecular weight jQragments of antibody molecules, such as Fv fragments, that 
retain their specific binding capacity for SAP. These moieties recognise and bind to SAP 
in vivo after administration by parenteral injectiorL, and promote the accelerated clearance 
aad depletion of SAP from the circulation. Generally, antibodies to SAP useful 
according to the present invention should not activate complement, in order to avoid 
potentially harmfid pro-inflammatory effects when they bind to SAP in vivo. They also 
should preferably not recognise, bind to and damage the normal tissue structures ia the 
body that bear SAP moleculejs. 

Brief Description of the Drawings 

The present iavention will now be described in further detail by way of example only, 
with reference to the following Examples and to the accompanying drawings, in which: 
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Figures 1 to 3 show traces from surface plasmon resoBance experiments assessing tiie 
effect of l-[(S)-3-Mercapto-2-niethylpropionyl]-D-proline (designated Ro-3479 on these 
figures) on binding of SAP to amyloid fibrils in the presence and absence of calcium; 
Figure 4 shows a scintigraphic image of the hands of a patient with osteo arthritis 24 
hoxffs after intravenous injection of ^^^I-labeUed SAP; and 

Figure 5 shows the ratio of the concentration of the various proteins in the synovial fluid 
and serum from patients with various forms of arthritis-causing effusions. 

Detailed Descriptioii of the Invention 
Examples 

Methods for showing binding of SAP to ligands. 

In order to identify compounds that inhibit ligand binding of SAP it is first necessary to 
have methods for showing such binding. 

1] Binding of SAP to solid phase ligands. 

For the purposes of this invention, the binding of SAP to test Hgands can be demonstrated 
directly by allowing SAP, provided either by whole human or animal senim, or in 
isolated purified fonn, to contact the solid phase ligand. Contact takes place in 
physiological buffered saline containing sufficient free calcium ions (about 2mm0l/l), 
which are essential for Hgand binding by SAP. In the case of isolated human SAP, the 
buffer must also contain 40 g/l of human or bovine serum albumin, in order to keep the 
SAP in solution; at lower albumin concentrations isolated human SAP rapidly 
autoaggregates, and precipitates in the presence of calcium (18,19). Suitable Hgands to 
which SAP shows its typical calcium dependent binding include agarose (24), 
phosphoethanolamiae (25), DNA (26), chromatiii (27), and amyloid fibrils (12,28). They 
are immobilized on particles, such as agarose, acrylamide, polystyrene, latex, cellulose, 
or other beads, or on membranes, filters, or plastic or other soKd surfaces such as 
microtitre plates or individual tubes, or may be iategral components of solid particles, 
such as bacteriia or agarose gel, that can be used directly. Immobilization of soluble 
Hgands,^ or secondary immobilization of particulate Hgands for purposes of convenience. 
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may be by direct non-speer&c adherence of the ligaad, or by covalent attachment via 
amiao, hydroxyl, or other chemical groups on tiie ligaad molecules being coupled 
directly or via spacer linkers to the solid phase material. After contacting the solid or 
immobilised ligands, SAP that has not bound is washed away with the same buffer in 
wMcli binding took place, and the presence of SAP bound to the ligands is detected and 
quantified. Washing involves phase separation, such as centrifugation of solid particles, 
or immersion, flow through or flow over of solid surfaces such as manbranes, filters, and 
plastic surfaces. Bound SAP may be detected directly if the source of SAP contains SAP 
that has been labelled with a detectable marker. Such markers include gamma-emitting 
isotopes such as '^^I or ^^^I for detection in a ganmia counter; beta-emittiag isotopes such 
as ^"^C or "H for detection in a beta or scintillation counter; fluorochromes for detection in 
a fluorimeter, flow cytometer, or fluorescence activated cell sorter; enzymes such as 
peroxidase or alkalme phosphatase for detection by their specific catalytic actvity. In all 
of these cases it is essential to demonstrate that the process of directly labelling the SAP 
does not alter its physiological binding properties. This is done by comparing the binding 
of labelled and unlabelled SAP to an iimnobiUsed solid phase ligand, such as 
phosphoethanolaraine attached using a carbodiimide to carboxyhexyl-Sepharose™. 
Binding of SAP can also be demonstrated directly by immunochemical assay showing 
depletion of SAP from the offered source of SAP, and recovery of the bound SAP when, 
after first washing with calcium containing buffer, the ligand material is eluted with 
buffer containing EDTA to chelate calcium ions. Alternatively, bound SAP may be 
detected indirectly, using antibodies raised in rabbits, sheep, goats, rats, mice, guinea pigs 
or other animals, specific for the SAP of the species being tested. For this purpose tihe 
anti-SAP antibodies may themselves be directly labelled with a radioactive isotope, 
enzyme, fluorochrome or other detectable marker, or the binding of anti-SAP antibodies 
to bound SAP may be detected using a second antibody directed against the 
immunoglobulin of the species of the primary anti-SAP reagent. In addition to detection 
and counting in instrranents appropriate for the marker used, binding of SAP to 
micro-organisms or their components may be visualised directly or indirectly using Hght, 
flTLorescence or electron microscopy. Enzyme labelled SAP or anti-SAP antibodies can 
be used for light or electron microscopy, fluorochrome labelled reagents for fluorescence 
microscopy, and. gold (or other electron dense particle) labelling for electron microscopy. 
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2] Binding of Mgands by immobilized SAP. 

An alternative approach to demonstration of ligand binding by SAP is to itmnobiJize the 
SAP on a soHd phase and then allow it to bind Hgands that are either directly labelled or 
that can be detected, for example using specific antibodies directed against these ligands. 
Thus isolated purified SAP firom man or other animals can be immobilized on beads, 
particles, membranes, filters, or plastic or other soHd surfaces, by direct non-specific 
adherence or by covalent couphng, or by trapping with specific anti-SAP antibodies 
immobilized on the solid phase (29). Usmg the conditions specified in 1] above, suitable 
ligands, can then be contacted to the immobilized SAP and allowed to be bound by it. 

Inhibition of SAP binding to ligands 

Any of the methods set out in 1] and 2] above for showing ligand binding by SAP can be 
used to test the capacity of componnds to inhibit such binding. However the speed and 
ease of i^e of the different tedmiqnes vary greatly, as well as theii suitabihty for 
dififerent purposes. Thus for screening large numbers of compounds, high throughput 
methods, such as those based on microtitre plates, are essential. A typical method of this 
type involves having ligand immobilized on the plates, and offering to each well an 
amount of radiolabelled SAP under conditions such that about 40% of it is bound. 
Compounds to be tested are added to the wells and preincubated in them before addition 
of the labelled SAP, and the ejBfect of their presence on subsequent binding of SAP is 
monitored. In another configuration, the compounds to be tested are preincubated with 
the labeUed SAP before the mixture is added to the plates. The reverse configuration, in 
which the SAP is kcnnobiHzed, is also informative. Here the test compounds are 
preincubated with the immobilized SAP before the detectable Hgand is added. These 
different appro aches enable detection of compounds that block ligand binding by SAP by 
different mechanisms, and help to distinguish between those that are themselves specific 
Hgands for SAP, those that affect the SAP molecule in other ways, and those that interact 
with the ligand to prevent its recognition by SAP. 
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Direct detection of Bgand binding by SAP and its inhibilloii 

Surface plasmon resonance (SPR) is a low throughput but powerfiiUy Monmtive method 
to identify compounds that are bound by, or themselves bind to SAP, either in a calcium 
dependent fashion or independently of calcium, for the purposes of the present invention . 
For example, low molecular weight compounds that inhibit binding of SAP to its 
macromolecular hgands, including target Hgands relevant to the present invention, can be 
detected by their effect on the signal generated by fluid phase SAP binding to hgand 
immobilised on the soHd phase (Example A). Furthermore, when SAP itself is 
immobilised on the solid phase in an SPR instnraient, the mteraction with it of test 
molecules provided in the fluid phase generates a signal tbat can be detected and 
quantified. Purified SAP immobilized within an SPR instrument gives a quantifiable 
signal when it is exposed to another molecule that forms a complex with the SAP, and 
this is distinct from the absence of such a signal if no complex is formed. This technique 
allows compounds to be screened for their capacity to interact with SAP, and does not 
depend oh any specific mode of interaction with SAP, in particular involving the calcium 
dependent ligand binding, site of SAP, so it detects molecules that might not be found in 
test systems that require calcium dependent SAP. binding. Another low throughput but 
powerfiil direct method is isothermal calorimetry that measures l3ie heat of interaction in 
solution between SAP and test compounds according to the present invention. The 
binding affinity can be measured precisely as a guide to potential efficacy. Typical 
results by this method for the dissociation constants, Kd, between SAP and various 
compounds are as foUowjs: 

Compound Kd in micromoles per litre (replicate measurements) 

Phosphoethanolamine 36, 27, 48 

Phosphocholme No binding 

N-acetyl-D-prohne 16,23,17 

Ro-63-8695 0.0139,0.0059,0.0065,0.0088 

Ro-64-2856 0.019,0.02 

Ihe latter two compounds are from EP-A.-915088, in which Ro-63-8695 is (R)-l-[6-[(R)- 
2-Cai:boxy-pyrro]idin-l-yl]-6-oxo-hexanoyl]pyrroHdine-2-carbox5^1ic acid, and 
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Ro-64-2856 is (lL)4-[[4-[24(R)-2-Carboxy-pyn-olidm4-yi]-2-oxo-ethoxy]-pheno^^^ 
ace1yl]-p3aToHdLa.e-2-carboxylic acid. 

Effects on SAP in vivo of compounds that block SAP-ligand binding in vitro. 

For the purpose of the present invention, compoimds that block binding of SAP to target 
ligands are tested m vivo in transgenic mice expressing human SAP, as described 
elsewhere (23) for their effects on plasma SAP concentrations and the turnover and 
catabolism of SAP. Having estabhshed by the administration of graded doses that the 
compounds are not intrinsically toxic, various doses are administered to the human SAP 
transgenic mice. Serum is taken at regular intervals for immimochemical assay of SAP. 
In addition, trace radiolabelled human SAP may be injected intravenously at different 
times in relation to the drug dosage, and both whole body countrag and blood sampUng 
are performed to monitor the plasma half life and whole body clearance of SAP (14,30). 
In addition the tracer SAP is preincubated with different amounts of the compounds 
being tested, and then injected into mice not receiving any drug, in order to test the effect 
drag binding has on SAP clearance. According to the present invention, conrpounds that 
accelerate SAP clearance in vivo and/or lower plasma SAP concentration, thereby 
reducing in vivo availability of SAP, are likely to be of therapeutic value. 

Compoimds that have undergone formal toxicity testing and found to be acceptable for 
administration in roan, are evaluated for their effects on plasma SAP concentration, half 
•life, turnover and catabolism. feolated human SAP is trace radiolabelled with ^^I and/or 
and injected intravenously, followed by plasma turnover studies and whole body 
scintigraphic imaging, as described elsewhere (1 5,23 ,31). 

Example A. Use of surface plasmon resonance to detect inhibition of calcium 
dependent Ugand binding by SAP. 

Synthetic Ap-42 amyloid fibrils (28) were covalently inmiobihsed on the reactant surface 
of the Fisons lAsys surface plasmon, resonance instrument, and fben exposed to isolated 
SAP (32) in solution in Tris-buffered physiological sahne ki the absence of calcium 
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(shown as TN/N in the Figures). No binding of SAP occurred and thus no signal was 
generated. Introduction of calcium allowed the SAP to bind specifically to the 
mimobilised amyloid fibrils, generating a readily detectable signal (Fig. 1). l-[(S)-3- 
Mercapto-2-methylpropionyl]-D-proline (designated on the Figures as Ro-3479) is a 
specific inhibitor of calcium dependent ligand binding by SAP. Addition of l-[(S)-3- 
Mercapto-2-me11iylpropionyl]-D-proline (Ro-3479) at 500 p-moyi in Tris-buffered 
physiological saUne containing calcium (TC in the Figures), completely reversed the 
binding of SAP and the corresponding signal (Fig 1). After addition of SAP in the 
absence of calcium, followed by Ro-3479 at 100 pmol/1, and then allowing equilibration 
of the system, subsequent addition of calcium to enable specific calcium dependent 
ligand binding by SAP was followed by no signal (Fig. 2), indicating tbiat Ro-3479 not 
only dissociates SAP binding but also inhibits it The soUd phase ligand was regenerated 
for ftirliier calcium dependent ligand binding, by washing it with EDTA in Tris-buffered 
physiological saUne (TE in the Figures), and then re-exposed to SAP in TN buffer 
followed by calcium. The typical signal reflecting Hgand binding by SAP was observed 
again, and then completely reversed by addition of Ro-3479 at 50 pmol/1 (Fig 3). 

Example B. Screening for inhibitors of binding of radiolabefled SAP to Neissena 
meningitidis organisms immobilized in microtitre plates. 

Materials and Methods 

A suspension of heat killed Neisseria niemigiiidis at 1 x 10^ organisms per ml in PBS 
was dispensed to polystyrene microtitre plates at 50 p.1 volumes per well, and left 
overnight at 4°C. All wells were then washed three times with 200 |i.l volumes of PBS 
containing 0.05% v/v Tween20, prior to equilibration for 2min with 0.0 IM Tris 
buffered 0.14M Naa/0.002M CaClj at pH 8.0 (TC buffer), containing 4% w/v BSA and 
0.05% /v Tween 20 (TCBT buffer). The wells were then emptied before adding to each 
one the following reagents. For control uninhibited maximal binding: 35 pi TCBT 
bTiffer(containing 2.3 mM CaQz, 5.72% w/v BSA, 0.072% v/v Tween 20), 10 p,l TC and 
5 \i\ SAP radiolabeUed with in O.OIM Tris buffered 0.14M NaCl at pH 8.0 (TN 
buffer), to provide final concentrations of BSA, 4%; Ca^+ 2 mM; Tween 20, 0.05%. For 
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background, non-specific, non calciiim dependent, binding in the presence of EDTA: 5 \i\ 
radiolabeUed SAP in TN and 45^1 O.OIM Tris buffered 0.14M NaCl at pH 8.0 
containing 1 LI mM EDTA, 4.4% w/v BSA and 0.06% w/v Tween 20 (TEBT buffer) to 
provide final concentrations of EDTA, 10 inM; BSA, 4%; Tween 20, 0.05%. For testing 
of inhibitors: 35 pi of TCBT (containing 2.3 mM Ca^"", 5.72% BSA and 0.072% Tween 
20), 10 pi TC containiag test compounds at 10 mM, 1 mM, 100 pM, 10 pM or 1 pM, and 
5 pi of radiolabeUed SAP in TN. All wells were then incubated at room temperature for 
2 h before being washed three times with 200 p.1 volumes of TCBT, allowed to dry for 
1 h at room temperature, and bound radiolabeUed SAP was then counted. 

The compounds tested in the experiment shown here were a fauiily of molecules 
developed as inhibitors of SAP binding to amyloid fibrils, foUowing identification of an 
initial lead molecule during higli throughput screening of a large compound Ubrary 
according to US Patent 6,126,918. The original hit wasl-[(S)-3-Mercapto-2- 
methylpropionyl]-D-proline, (Ro-15-3479), aad a dhner of one of its diastereoisomers, 
(R)_l_[(S)-3--[(S)-3-[(R)-2-carboxy-pyn:ohdin-l-yl]-2-methyl-3-oxo-propyldisu]fanyl]-2- 

methyl-propionyl]-pyrrolidme-2-carboxyhc acid (Ro-63-3300) was found to be much 
more poteat. The other two diastereoisomers did not inhibit ligand binding by SAP. A 
chemistry programme then produced, (ll)-l-[6-(R)-2-Carboxy-pyTToHdii-l-yl]-6-oxo- 
hexaQoyl]pyrrolidme-2-carboxyHc acid (Ro-63-8695) (Example 8b of EP-A-915088) and 
a family of related molecules, that were tested here. Their chemical names and coded 
designations are listed below: 

Ro-64-4383: (R)-l-[[2,5-Dihydroxy-4-[2-[CR-)-2-carboxy-pyiroUdin-l-yl]-2-oxo-ethyl]- 
phenyl]-acetyl]-pyrrolidine-2-carboxylic acid 

Ro-64-2856: (R)-l-[[4-[2-[(R)-2-Carboxy-pyrroUdin-l-yl]-2-oxo-ethoxy]-phenoxy]- 
acetyl]-pyrrolidine-2-carboxyUc acid 

Ro-63-3300: (R)-l-[(S)-3-[(S)-3-[(R)-2-caxboxy-pyiTolidin-l-yl]-2-methyl-3-oxo- 
propyldisulfanyl]-2-methyl-propionyl]-pyrroUdine-2-carboxylLc acid 
Ro-15-3479: l-[(S)-3-Mercapto-2-methylpropionyl]-D-proUne 
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Ro-64-2848: (R)4-[[3-[24(R)-2-Carboxy-p5OToHdm-l-yl]-2-oxo-efhoxy]-2-methyl- 
ptLenoxy]-acetyl]-pyrrolidine-2-carboxy]ic acid ■ 
Ro-64-2668: (R)4-[[3-[24(R}-2-Caxboxy-pyixoHdin-l-yl]-2-oxo-ethyl]-plienyl]-acetyl]~ 

pyirolidiiie-2-cafboxylic acid 

Ro.64-2845 : (11)4 -[[2-[2-[0R)-2-carboxy-pyrrolidiQ4-yl]-2-oxo-ethoxy]-3-metlioxy- 
p]ienoxy]-acetyl]-pyiTolidiiie-2-carboxylic acid 

Ro-64-2600: (R)-l-[cis-4-[(R)-2-Carboxy-pyn:olidiiie-l-carboiiyl]- 
cycloliexanecarbonyl]-p>aroIidiiie-2-carboxylic acid 

Ro-64-5607: (R)-l-[[4-[2-[(R)-2-Carboxy-pyrroUdin-l-yl]-2-oxo-etliyl]-naphthalen-l- 
yl]-acetyl]-pyrrolidiae-2-cafboxylic acid 

Ro-64-5445: (R>l-[[542-[(R)-2-Carboxy-pyrroHdin4-yl]-2K)XO-etlioxy]-naphtlialen-l- 
yloxy]-acetyl]-pyrrolidiDe-2-carboxylic acid 

Ro-63-8593: (R)-l-[[2-[2-[(R)-2-Carboxy-pyiroHdin-l-yl]-2-oxo-ethoxy]-phenoxyl]- 
acetyl]-pyrrolidine-2-carboxylic acid 

Ro-63-7777: (R)4-[[4-[2-[(R)-2-Carboxy-pyrroHdin4-yl]-2-oxo-ethyl]-pheaiyl]-acety^^ 
pyirolidiiie-2-carboxylic acid 

Results 

The opacity of the compounds tested to inhibit binding of SAP to meningococci is 
expressed as the percentage by which SAP binding was reduced compared to binding in 
the absence of any ioidbitor (Table 1). AH binding was inhibited by EDTA, confirming 
the specific, calcium dependent, nature of the interaction. Phosphoethanolamine, a well 
known ligand of SAP (25,32), produced inhibition at high concentration, but only modest 
effects when diluted. Phosphocholmc, the specific Hgand of C-reactive protein, the other 
human plasma pentraxin protein closely related to SAP, had virtually no effect, as 
expected since there is no other evidence that SAP recognises and binds to 
phosphochoHne under physiological conditions. The Ro-63-8695 family of molecules 
were potent inhibitors with IC50 values m the sub-micromolar range in several cases. 
These compounds are thus candidates for fiorther testing accordmg to the present 
iavention. 
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Table 1 

Percent inMbition by various compounds of btading of radiolabelled SAP 
to immobilized Neisseria meningitidis 



Compound 






Molarity 








2mM 


200 pM 


20 pM 




200 nM 


None 


0 


0 


0 


U 


U 


EDTAlOmM 


100 


nd 


nd 


nci 


no. 


Phosphoethaaolamme 


95 


41 


32 


10 


1 


PhosphochoUne 


24 


3 


4 


5 


U 


Ro-63-8695 


100 


79 


74 


61 


D 


Ro-64-4383 


100 


100 


95 


lb 


1 


Ro-64-2856 


100 


65 


ft A 

74 


65 


u 


Ro-63-3300 


100 


69 


73 


68 


2o 


Ro-15-3479 


77 


54 


50 


42 


3 


Ro-64-2848 


100 


100 


93 


64 


1 


Ro-64-2668 


100 


100 


92 


64 


28 


Ro-64-2845 


100 


93 


92 


74 


19 


Ro-64-2600 


100 


100 


93 


73 


31 


Ro-64-5607 


100 


100 


89 


69 


13 


Ro-64-5445 


100 


100 


81 


72 


30 


Ro-63-8593 


100 


100 


87 


77 


18 


Ro-63-7777 


100 


100 


73 


64 


7 
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Example C 

Screening for inhibitors of binding of radiplabeUed SAP to chromatin 
immobilized in. microtitre plates. 

Materials and Methods 

A solution containing 100 )J.g/ml cliickcn erythrocyte native long chromatin (27), in PBS 
adjusted to pH9, was dispensed to microtiti-e plates containing 
N-oxysuccinimide-activated surfaces, at 50 |il volmnes per well and left at room 
temperature for 1 h. All wells were then washed tirree times with 200 jxl volumes of 
PBS, pH 7.4, contaiBing 0.05% v/v Tweai 20 CPBST) and tmreacted active sites were 
blocked by the addition of 50 pi of 2% Wv BSA in PBS, pH 7.4, to each well, for 30 min 
at room temperature. Wells were then washed three times with 200 jjI volumes of PBST 
prior to equilibration for 2 min with O.OIM Tris buffered 0.14M NaCl/0.002M CaQz at 
pH 8.0 (TC buffer), containing 4% w/v BSA and 0.05% v/v Tween20 (TCBT buffer). 
The wells were then emptied before adding to each one the following reagents. For 
control uninhibited maximal bindiug: 35 jxl TCBT buffer(containing 2.3 mM CaClj, 
5.72% w/v BSA, 0.072% v/v Tween 20), 10 p-l TC and 5 ^xl SAP radiolabelled with ^^^I- 
in O.OIM Tris buffered 0.14M NaQ at pH 8.0 (TN buffer), to provide Jinal 
concenti-ations of BSA, 4%; Ca^^, 2 irM; Tween 20, 0.05%. For backgrouad, non 
specific, non calcium dependent, binding in the presence of EDTA: 5 |al radiolabelled 
SAP in TN and 45 iil O.OIM Tris buffered 0.14M NaCl at pH 8.0 containing 11.1 mM 
EDTA, 4.4% w/v BSA and 0.06% w/v Tween 20 (TEBT buffer) to provide final 
concentrations of EDTA, 10 mM; BSA, 4%; Tween 20, 0.05%. For testing of mhibitors: 
35 ^1 of TCBT (containing 2.3 mM Ca^"", 5.72% BSA and 0.072% Tween 20), 10 ^1 TC 
containing test compounds at lOmM, 1 mM, 100 [M, 10 jjM or 1 |jM, and 5 p.1 of 
radiolabelled SAP in TN. All wells were then incubated at room temperature for 2h 
before being washed three times with 200 ill volumes of TCBT, allowed to dry for 1 h at 
room temperature, and bound radiolabelled SAP was then counted. The compounds 
tested in the experiment shown here were the same as those specified in Example B 
■ above. 
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Results 

The capacity of the compounds tested to inhibit binding of SAP to chromatin is expressed 
as the percentage by which SAP binding was reduced compared to binding in the absence 
of any inhibitor (Table 2). All bmding was inhibited by EDTA, confirmmg the specific, 
calcium dependent, nature of the interaction. Binduig to control wells without chromatin 
and just blocked with BSA was at the same background level as seen with complete 
inhibition by EDTA or the specific inhibitors. Phosphoethanolamuie, a well known 
ligand of SAP (25,32), produced inhibition at high concentration, but only modest effects 
when diluted. Phosphocholine, the specific hgand of C-reactive protein, the other human 
plasma pentraxia protein closely related to SAP, had virtually no effect, as expected since 
there is no other evidence that SAP recognises and biads to phosphocholine under 
physiological conditions. The Ro-63-8695 family of molecules were potent inhibitors 
with ICso values in the micromolar raage in several cases. These compounds are thus 
candidates for further testing according to the present invention, although uiterestiugly 
this assay was less sensitive than that using meningococci as the immobilised ligand. 
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Table 2 

Percent inhibition by various componnds of binding of radiolabelled SAP 
to immobilized native long chromatin 



Compound 






Molarity 








2mM 


200 pM 


20 pM 


2\iM 


200 nM 


None 


0 


0 


0 


0 


0 


Phosphoethanolamine 


94 


59 


36 


9 


3 


PhQsphoclioliiie 


19 


3 


0 


0 


2 


Ro-63-8695 


93 


87 


69 


29 


1 


Ro-64-4383 


97 


88 


78 


45 


0 


Ro-64-2856 


91 


75 


56 


36 


1 


Ro-63-3300 


- 99 


88 


69 


34 


3 


Ro- 15-3479 


81 


46 


72 


14 


0 


Ro-64-2848 


98 


95 


65 


22 


0 


Ro-64-2668 


98 


94 


56 


18 


0 


Ro-64-2845 


100 


96 


75 


Nd 


11 


Ro-64-2600 


100 


94 


67 


35 


1 


Ro-64-5607 


100 


96 


77 


35 


15 


Ro-64-5445 


96 


82 


74 


51 


12 


Ro-63-8593 


96 


89 


77 


34 


7 


Ro-63-7777 


92 


66 


39 


19 


4 
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Example D. Screening for inhibitors of binding of radiolabelled SAP to 
influenza vinis immobilized in microtitre plates. 

Materials and Methods 

A concentrated suspension of purified influenza virus A/Shanghai/24/90 at 10 mg protein 
per ml in PBS was diluted 1:50 in PBS and then dispensed to polystyrene microtitre 
plates at 50 yd volumes per well, and left overnight at 4°C. AH wells were then emptied 
before blocking by addition to each well of 200 jil of 2% w/v BSA in PBS and incubation 
at room temperature for 1 h. All wells were then washed three times with 200 p-l volumes 
of PBS containing 0.05% v/v Tween 20, prior to equilibration for 2 min with O.OIM Tiis 
buffered 0.1 4M NaCl/0.002M CaClz at pH 8.0 (TC buffer), containing 4% w/v BSA and 
0.05% v/v Tween 20 (TCBT buffer). The wells were then emptied before adding to each 
one the following reagents. For control uninhibited maximal binding: 35 \H TCBT buffer 
(containing 2.3 mM CaCh, 5.72% w/v BSA, 0.072% v/v Tween 20), 10 [il TC and 5 \il 
SAP radiolabelled with '^^I (32) in O.OIM Tris buffered 0.14M NaCl at pH 8.0 (TN 
buffer), to provide final concentrations of BSA, 4%; Ca^^, 2 mM; Tween 20, 0.05%. For 
background, non-specific, non calcium dependent, binding in the presence of EDTA: 5 pi 
radiolabelled SAP in TN and 45 p.1 O.OIM Tris buffered 0.14M NaCl at pH 8.0 containing 
11.1 mM EDTA, 4.4% w/v BSA and 0.06% w/v Tween 20 (TEBT buffer) to provide 
final concentrations of EDTA, 10 mM; BSA, 4%; Tween 20, 0.05%. For testing of 
inhibitors: 35 lil of TCBT (containing 2.3 mM Ca^"", 5.72% BSA and 0.072% Tween 20), 
10 pi TC containing test compounds at 10 mM, 1 mM, 100 pM, 10 pM or 1 pM, and 5 ^il 
of radiolabelled SAP in TN. All wells were then incubated at room temperature for 2 h 
before being washed three times with 200 pi volumes of TCBT, allowed to dry for 1 h at 
room temperature, and bound radiolabelled SAP was then counted. The compounds 
tested in tlie experiment shown here were the same as those specified in Example B 
above. 

Results 

The capacity of the compounds tested to inhibit binding of SAP to the immobihsed 
influenza virus is expressed as tlie percentage by which SAP binding was reduced 
compared to binding in the absence of any inhibitor (Table 3). All binding was inhibited 
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by EDTA, confirming the specific, calcixim dependent, nature of the iateraction. Binding 
to control wells without virus and just blocked with BSA was at the same background 
level as seen with complete inhibition by EDTA or the spedfic inhibitors. 
Phosphoethanolamine, a well known Ugand of SAP (25,32), produced inhibition at high 
concentration, but only modest effects when diluted. Phosphocholine, the specific ligand 
of C-reactive protein, the other human plasma pentraxin protein closely related to SAP , 
had virtually no effect, as expected since there is no other evidence that SAP recognises 
and binds to phosphocholine under physiological conditions. The Ro-63-8695 family of 
molecules were potent inhibitors with TC50 values ia the sub-micromoiar, high 
nanomolar, range in several cases. These compounds are thus candidates for further 
testing according to the present invention, and interestingly this assay was more sensitive 
than those using either whole meningococci or native long chromatin as the immobihsed 
ligand. 
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Table 3 

Percent inMbition by various compounds of binding of radiolabelled SAP 

to immobiEzed influenza virus 



Compound 






Molarity 








2mM 


200 pM 


20|iM 




200 nT 


None 


0 


0 


0 


0 


0 


P]ioq)iioe1iLaD.olaiQiiie 


Aq 
Oy 




4.9 


8 


1 


PiiosphociLoliae 


3 


5 


5 


2 


0 


Ro-63-8695 


98 


96 


90 


81 


36 


Ro-64-4383 


89 


89 


80 


57 


24 


Ro-64-2856 


87 


84 


82 


77 


3 


Ro-63-3300 


91 


91 


90 


78 


47 


Ro-15-3479 


68 


51 


40 


30 


12 


Ro-64-2848 


85 


81 


81 


65 


24 


Ro-64-2668 


82 


77 


73 


68 


25 


Ro-64-2845 


89 


77 


62 


52 


16 


Ro-64-2600 


92 


89 


83 


76 


0 


Ro-64-5607 


98 


94 


95 


64 


4 


Ro-64-5445 


80 


76 


64 


51 


23 


Ro-63-8593 


94 


93 


88 


68 


44 


Ro-63-7777 


89 


89 


85 


65 


37 
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Example E 

Accumulation of LabeDed SAP in Joints of Patients Suffering from Arthritis 

Accumulation of labelled SAP was found in joints of patients without dialysis 
amyloidosis who were suffering from other forms of arthritis: 5 individuals with 
osteoarthritis (Fig. 4), 12 with rheumatoid arthritis, and one subject with a traumatic 
efiEusion. In each of these patients, labelled SAP was detected in all joints with a 
significant efEusion, regardless of aetiology. This in itself is not surprising since it is 
known that plasma proteins enter joint effiisions. However, in 20 out of 30 patients with 
various different arthropathies we have also observed uptake of labelled SAP into some 
joints that did not have clinically detectable effiisions. 

Figure 4 shows a scintigraphic image of the hands of a patient with osteoarthritis 24 h 
after intravenous injection of >^I-labeUed SAP. Uptake and retention of SAP is indicated 
in both carpal areas, in the second metacarpophalangeal joints, and some interphalangeal 
joints. 

One possible mechanism for localisation of SAP from the blood to a diseased joint may 
be ttie presence within the joint of amyloid deposits in articular and peri-articular 
structures. There is indeed extensive evidence for the widespread presence of 
noicroscopic amyloid deposits in the synovium, articular cartilage and/or joint capsules of 
elderly individuals (33-44). However the overall impression from these observational 
studies of autopsy aud/or resection specimens is that the amyloid deposits are mainly 
associated with increasing age of the subjects and not particularly with extent or severity 
of clinical or pathological manifestations of osteoarthritis. Alternatively, or in addition, 
SAP may be binding to ligands on structures other than amyloid fibrils that are present in 
inflamed or damaged joints. The calcium-dependent binding of SAP to 
glydosaminoglycans in vitro has been reported (45), but was specific for heparan and 
dermatan sulphates, rather than the chiondoitiii sulphate and hyaluronic acid that are most 
ahundant in cartilage and synovial fluid respectively. Nevertheless, glycosamitioglycans 
are ubiquitous in connective tissue and may be abnormally exposed and thereby provide 
Hgands for SAP in and around diseased joints. Another Hgand to which SAP binds 
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aTidly, in vivo as weU as in vitro, is DNA (26^7), both free and wilhia chromatin when 
this is exposed by cell death (46), and SAP also binds to apoptotic cells invivo (47). 
Increased ceU death in inflamed joints, whether by apoptosis or by necrosis, exposing 
chromatin, may provide an abnormal density of ligands and thus a focus for SAP 
deposition. 

Example F 

SAP Binding to Ligands in Diseased Joints 

In order to test whether SAP may be binding to ligands in diseased joints, we first 
compared the distribution of radiolabelled human serum albumin witli that of SAP in Wo 

patients. In one with proven dialysis associated amyloid, the jomt uptake of SAP was 
very much greater than that of albumin, showing that the SAP locaHsation was specific 
for amyloid. In contriist, in a patient with active rheumatoid arthritis and multiple 
affected joints with eflRjsions, the locaHsation of albumin and SAP were generaUy 
comparable, suggesting a similar non-specific process of efiusion into the synovial space 
for both proteins, although occasional joints showed greater retention of SAP than of 
albumin. Furthermore, in one patient whose knee joint effusions were aspirated to 
dryness 24 h after injection of radiolabelled SAP, there remained strong localisation of 

- SAP in the joints. Secondly, we measured the synovial fluid and serum concentrations of 
SAP aad other plasma proteins in paired samples firom 15 patients with joint effusions of 
different aetiologies, and calculated the synovial fluid:serum ratios. There is a weU 
known inverse linear relationship between this ratio and the relative molecular mass of 
the protems, reflecting their relative ease of access by diffiision from the circulation into 
the joint space. However, the ratio was remarkably and substantially lower for SAP than 
expected for a protein of its molecular mass (Fig. 5). This indicates that SAP, which 
evidently can gam access to the synovial fluid, as shown by our studies wi1h labelled 
SAP, is probably binding to structure(s) within the joint and is therefore not available for 
detection and assay in the synovial fluid itself. 

Figure 5 shows the ratio of the concentiration of various plasma protems m the synovial 
fluid and serum from patients with various forms of arthritis causmg effiisions. There is a 
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linear relationship, r=0.62, between the relative molecular mass and the synovial 
fLmd/senmi concentration ratio for all the proteins shomi here except SAP, for which the 
synovial fluid concentration is markedly lower than predicted ftom its molecular mass 
and serum concentration. (Key: aiAG, a]-acid glycoprotein; Alb, albumia; Trf, 
transferrin; Cer, ceruloplasmin; aaM, a2J3iacroglobulia.) 

The very common and widespread microscopic amyloid deposits in aged and 
osteoarthritic joints have not Mtherto been thought to contribute to the pathogenesis or 
symptoms of osteoarthritis. It is also not clear how binding of SAP to either amyloid 
fibrils or other structures in joints might be pathogenetic in osteoarthritis. Although 
artificially aggregated SAP can activate the complement system (48), and could thereby 
be pro-inflammatory, the binding of SAP to any of its hiovm ligands not only does not 
activate complement, but actually inhibits complement activation by the substrate itself 
(49,50). Also, there is no evidence for complement activation either locally or 
systemicaUy in patients with osteoarthritis. Nevertheless, in the Ught of our observations 
of SAP localisation to joints and the unejqpectedly low concentration of SAP free ia 
synovial fluid, we tested whether SAP might be involved in osteoarthritis. 

Example G 

Treatment of Patients with Osteoarthritis 

Two examples demonstrate the efficacy of such treatment. 

1) RJ, a 64 year old retired General Practitioner hving in New Zealand, has a long 
history of bone and joint injuries, starting as a child on a fann and continuing as a 
teenager and then adult playmg rugby and siding. From the age of 42 he has suffered 
from pain and swelling of previously damaged joints following manual work and 
especially in cold weather. The proximal interphalangeal joints of the left middle and 
right fourth fingers, the right elbow and the mid-thoracic intervertebral joints have been 
most affected. Symptoms and signs have progressively worsened over the past 22 years, 
so that his capacity for physical work had become very restricted md during winter he 
has required frequent or continuous treatnient wifi non-steroidal anti-infiammatory 
drugs. These are all typical manifestations of osteoarthritis. In 2000 the discovery of 
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impaired renal fiuictioii led eveatually to a second, and completely separate diagnosis of 
hereditary systemic amyloidosis caused by a mutation in the gene for fibrinogen A 
a-chain. This type of amyloidosis does not affect the joints and its pathogenesis and 
clinical manifestations are completely unrelated to osteoarteilis. 

He started experimental treatment for bis amyloidosis on 9 October 2001 with (R)-l-[6- 
[(R)-2-Carboxy-pyrrohdin-l-yl]-6-oxo-hexaiioyl]pyrrolidme-2-carboxylic acid, 10 mg 
b.d. by subcutaneous injection. In January 2002, after three months on this potent SAP 
depleting drug and with bis plasma SAP concentration consistently reduced by over 95%, 
be first noted that Ms symptoms of arthritis were less troublesome than before. This 
improvement was sustained and increased so that by April 2002, the autumn in New 
Zealand, it was impressively beyond doubt. Throughout that winter, for the first tune in 
many years, he no longer required treatment witibi non-steroidal anti-inflammatory drugs, 
despite increased physical activity. He has continued treatment with (R)-l-[6-[(R)-2- 
Carboxy-pyrrolidin-l-yl]-6-oxoteanoyl]pyrrolidiae-2-carboxylic acid up to the present 
(June 2D03) and all Ms symptoms of osteoarthritis have, remarkably, remained in 
remission. Over the past few months he has been doing regiolar hard physical work on 
the land, fencing and landscaping, including lifting and carrying sigmficant weights, 
without suffering any of the pain and swelling that previously severely affected him even 
witiiout the stress of imusual physical activity. 

2) CD, a 49 year old service worker firom Wales, had a 6 - 8 year Wstor>^ of pain and 
reduced ftmction in several joints. Her shoulders were painM, particularly when 
reaching up or behind her head, making drying her hair and some household tasks pamfixl 
and difficult. She had mid-thoracic back pain and bilateral aride aches on most days, 
usually caused by prolonged standing. She also experienced pam in her right wrist when 
performing some tasks, particularly opemng jars, a manoeuvre that she found difficult. 
These symptoms are all compatible with osteoarthritis. 

GD has hereditary systemic amyloidosis caused by a mutation in the gene for 
apoHpoprotein AI, diagnosed in October 2001 during investigation of cbronic renal 
impaiment TMs type of amyloidosis does not affect the joints or cause arthritic 
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symptoms. She started experimental treatmeait for her amyloidosis on 22 October 2001 
with (R)4-[64(Il)-2-Carboxy-pyirohdm-l-yl]-6-oxo-hexanoyl]pyrrolidine-2-caiboxyHc 

acid, 15 mg b.d. by siabcutaneons injection. In December 2001, after two months on this 
potent SAP depleting drug and with her plasma SAP concentration consistently reduced 
by over 95%, she first noted that her joint symptoms were significantly less troublesome 
than before. This improvement was sustamed and increased so that by January 2002 she 
was free of pain and had normal function of her jomts. Treatment with (R)-l-[6-[(R)-2- 
Carhoxy-pyirolidm-l-yl]-6-oxo-hexanoyl]pyn-olidine-2-carbox>'hc acid finished m 
October 2002 and her remarkable remission has continued to the present (June 2003) . 
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Claims: 

1. Use of an agent capable of inMbitrag SAP ligand binding activity or depleting 
SAP from the plasma of a subject for the production of a medicament for treatment or 

prevention of osteoarthritis in the subject. 

2. Use according to claim 1, wlierein the agent is capable of being bound by a Ugand 
binding site present on SAP. 

3. Use according to claim 2, wherein the agent comprises a plurality of ligands 
covalently co-linked so as to form, a complex with SAP and a second protein, wherein at 
least two of the ligands are the same or different, one of which is capable of being bound 
by a ligand binding site present on SAP and another is capable' of being bound by a 
ligand binding site present on the second protein. 

4. Use according to claim 3, wherein the second protein is SAP. 

5. Use according to claim 3 or claim 4, wherein the ligands are covalently co-linked 
by a linker. 

6. Use according to claim 5, wherein the linker comprises a liaear or branched 
hydrocarbylene in which one or more of the carbon atoms thereof is optionally 
sxibstituted by a heteroatom. 

7. Use according to any preceding claim, wherein the agent has two Hgands. 

8. Use according to claim 6, whereia the agent has the general structure: 

Ligand - linker - ligand 

9. Use according to snj of claims 3 to 8, wherein the ligand capable of being bound 
by a Igand bmding site on SAP comprises a substituted or unsubstituted D-proline or 
stereoanalogue thereof. 
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10. Use according to claim 9, wherein the agent is a D-proline of the formula 



O^OH 



HO^O 



\ O 0 




or 



Rl 



Rl' Rl 




I-A 



I-B 



■whesrein 
R is 



OH 




the group ; 

R^ is hydrogen or halogen; 

X is- (CH2)n-; -CH(R^)(CH2)n-; -€H20(CH2)n-; -CH2NE-; 

benzyl, -CCR^)=CH-; -CHaCHCOH)-; or tfaiazol-2,5-diyl; 
Y is -S-S-; -(CHzV; -0-; -NE-; -N(rV; -CH=CH-; - 

NHC(0)NHs- 

N(R^)C(0)N(R^)-; -N[CH2C6H3(OCH3)2]-; -N(CH2C6H5)-; 
-N(CH2C6H5)C(0)N(CH2C6H5)-; -N(a3koxya]kyl)s 

NCcycloalkyl-mefhyl)-; 2,6-pyridyl; 2,5-furaiiyl; 2,5-lhienyl; 1,2-cyclohexyl; 

1,3-cyclohexyl; 1,4- 

cyclohexyl; 1,2-naphthyl; 1,4-naphthyl; 1,5-naphlhyl; 1,6-naphthyl; 
biphenylen; or l,2-pheaylen,l,3-plienyleii and 1,4-phenylen, wherein the 
phenylen groups are optionally substituted by 1 - 4 substituents, selected from 
halogen, lower alkyl, lower alkoxy, h5^droxy, carboxy, -COO-lower alkyl, nitrilo, 
5-tetrazol, C2-carboxylic acidpyrcolidin-l-yl)-2-oxo-6thoxy,N- 
hydroxycaxbaimmidoyl, 5-oxo[l,2,4]oxadiazolyl, 2-oxo- 
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[l,2,3,5]oxathiadiazolyl, 5-thioxoEl^,4]oxadiazolyl and 

5-tert-butylsxilfanyl-[l,2,4]oxadiazolyl; 
T is-(CH2V;-(CH2)nCH(R^)-;-(CH2)„OCH2-;-NHCH2S 
benzyl, -CH=C(R')-; -CH(0H)CH2; or thiazol-2,5-diyl; 
is lower alkyl, lower aJkoxy or benzyl aad 



orap 



is 0-3, 

iharmaceutically acceptable salt or mono- or diester thereof. 



11. Use according to claim 10, wherein the D-proline is 
^)-l-[6-CR)-2-Carboxy-pyiroKdin-l-yl]-6-oxo-hexanoyl] pyrrolidine-2-carboxylic acid 
or a phaxmaceutically acceptable salt or mono- or diester thereof. 

12. Use according to claim 2, wherein the agent comprises a substituted or 
tmsubstituted D-prohne or stereoanalogue thereof. 

13. A method for treatment or preveation of osteoarthritis in a subject, which 
comprises admmistering to the subject a therapeutically effective amount of a 
medicament comprising an agent capable of inhibiting SAP ligand binding activity or 
depleting SAP from the plasma of the subject. 
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